Abstract:
INTRODUCTION
Oil production and processing are always accompanied with undesired formation of emulsion. An emulsion is formed as a result of dispersion of an immiscible liquid into another immiscible liquid [1 -4] . There are numerous factors governing the formation of emulsion. During petroleum production, the emulsion formation takes place mainly due to the exposure of the produced fluids to continuous turbulence and agitation at different location along the flow stream. This agitation may occur at subsurface components or at surface components such as process facilities, transportation piping and refining facilities. In the recent decade, the presence of crude oil emulsion has been a significant challenge that the oil and gas industry is facing right now [5] due to the depletion of many mature oil reservoirs, and hence, increasing water production. The effect of this problem extends beyond the upstream operations and becomes a major problem during oil transportation and refining [6, 7] . In general, emulsion is expected whenever oil and water are concurrently pumped through the same pipeline [6] . Stable emulsion, however, will not form unless an emulsifying agent is present in the mixture [6, 7] . The emulsifying agents are some organic or inorganic substances that contaminate the crude oil such as asphaltenes, resins and naphthenic acid. Resins are normally red coloured while asphaltenes are black or grey coloured. Both resins and aspheltenes compounds are made up of relatively highmolecular-weight, polar, polycyclic, aromatic ring compounds [7] . The asphaltene component is the most polar and a primary factor for stabilizing water in emulsion [8] . Both asphaltenes and resins are interfacial active materials that can adsorb on the surface of water droplets to stabilize water droplets in oil. This mainly happens due to the formation of a firm film at the water droplet. The rigid film like structure will safeguard the droplet from rupturing [9, 10] .
Depending on which phase is continuous (primary) and which one is dispersed (secondary), emulsions are classified into water in oil (W/O), oil in water (O/W), or water in oil in water multiple emulsion (W/O/W). The majority of the emulsions encountered in petroleum production belong to water-in-oil type. In the (W/O) emulsion, water is dispersed in the form of droplets in the continuous oil phase. The presence of active polar molecules in addition to natural, creates a strong attraction force between the water droplets with the oil phase resulting in stabilizing the water in oil emulsion [11] . Water in oil mixtures can be grouped into four states which are stable, mesostable, unstable and entrained water. Only stable and mesostable can be classified as emulsions [12] .
During petroleum treatments, proactive measures have to be taken to treat emulsions. Following gravity-assisted separation, mechanical and chemical demulsification methods are normally adopted to break an emulsion and make it ready for water removal. Mechanical demulsification is normally done by utilizing equipment like water treater and coalescer. In some instances, transformer electrodes for electrostatic treatment are used. Chemical demulsification is performed using special chemicals that are able to display or weaken the emulsifying materials at the oil/water interface. One of the chemical demulsifying materials investigated in the current work is Polyvinylpyrrolidone, (PVP). The homopolymers of VP (Polyvinylpyrrolidone, PVP) is a chemical substance that is commonly used as an emulsifying agent to stabilize emulsion mixtures for special purpose. In petroleum industry, however, PVP has been argued to have a reverse effect on emulsion that it can act as demulsifier for water in oil emulsion. The demulsification performance of PVP has been investigated by Hanapi Mat and his co-workers, who have examined the demulsification efficiency of PVP (with a concentration of 10 ppm) on an emulsion formulated from water mixed with selected Malaysian oil samples at 70 o C. Their experimental results showed increased oil separation from the water/oil emulsion with time [13] . Another evidence of exhibition of PVP as demulsifier was reported by Razi and others as a result of experimental investigation of many oil soluble chemicals including PVP [14] . The investigations have been conducted on an emulsion formed by mixing of 20% water with medium either (868 kg/m 3 ) or heavy (1006 kg/m 3 ) crude oil at 800 rpm for 15 min. Their results, however, indicated that the demulsification efficiency is somewhat lower compared to the other investigated demulsifiers.
EXPERIMENTAL WORK
The chemical material used for the preparation of synthetic formation water is sodium chloride (NaCl). Oilfield brine was synthesized by dissolving NaCl in deionized water in order to obtain 30000 ppm salinity, which is similar to the oilfield associated water (Hing, 1999). The brine water as shown in Fig. (1) has been synthesized by dissolving 30 g of salt in 1000 ml of the solution. The crude oil used for this study is Castila crude produced offshore and located at 250 km southeast of Bogota. This crude oil is classified as heavy crude with low sulfur content blend. The crude is believed to form a stable emulsion due to its interfacial active components. After the brine water was synthesized and the emulsion was formed, Polyvinylpyrrolidone (PVP) supplied from Sigma Aldrich has been tested as a demulsifier.
Formation of Emulsion
Water in oil emulsion has been prepared by agitation of crude oil at 600rpm using a standard three bladed propellers (Fig. 2) . The emulsion formulation, instead of using a real emulsion, was followed in this work because the formulation allows controlling emulsion properties, and hence, make it easier to analyse the effect of different parameters. In addition, it is difficult to keep the real emulsion until conducting the experiments, as it will be affected by the history which will change the original properties of the emulsion. The emulsion preparation has been conducted under ambient temperature. Water was added to the oil gradually while the mixture was contiuously agitated to emulsify it. Verification to ensure that the emulsion prepared was water in oil was performed using bottle test as well as Turbiscan MA 2000. Opaque (2) . Kinetic mode of this equipment showed the evolution of a sample by comparing transmission and backscattering graphs. There was an option to program the period of time to run the whole set up. This can enable the destabilization of kinetics to be determined over varying period of times.
The samples of water in oil stabilized emulsion were introduced in a cylindrical glass cell and inserted into the Turbiscan MA 2000. During each run of the experiments, the optical reading head of the Turbiscan MA 2000 scanned the whole length of the sample and acquired both the transmission and backscattered data every 40 µm and every 60 min for 24 h. The analysis of emulsion stability has been carried out by observing the variation of transmission profiles only over time. The stability or instability of the emulsion was observed and evaluated by conducting repeated multiple scans.
Preparation of Demulsifier with Different Concentration
The demulsifier was prepared with the desired concentration using the following equation.
(1)
To ensure the accuracy, a series of centrifuge bottles was used. Demulsifiers solution with concentrations of 10, 20, 50, 55, 60, 65, 70, and 80 ppm has been created using equation 2. Polyvinylpyrolidone(PVP) weight to prepare the desired demulsifier concentration was determined using the electronic weighing balance. The measured demulsifiers were then diluted with ethanol solvent and added to the water in oil emulsion prepared previously. The system was stirred vigorously for 1 minute to mix the demulsifier and emulsion system.
Demulsification Tests Using Bottle Test
The emulsions were created from a synthesized brine and Castila crude. Fig. (3) shows the synthesized brine and Castila crude kept in a beaker prior to heating procedure (Fig. 3) . After heating at 60°C, the selected emulsion was stirred with homogenizer before it was poured in the bottle (Fig. 4) for carrying out the bottle test. The emulsion was left for 24 hours to record the percentage of water separation. This procedure was firstly applied for the emulsion without the addition of demulsifiers and for the demulsified emulsion with different concentrations. 
RESULTS AND DISCUSSION

Characterization of Crude Oil
Density and viscosity were measured for Castila crude oil at ambient temperature. The density of the crude oil was measured using density meter DMA 35N. The viscosity of the crude oil was measured using a falling ball viscosity meter. The obtained measurement results are listed in Table 1 . The density and viscosity of a crude oil are an important element for the characterization of the crude oil. Obtaining accurate viscosity and density values can be difficult, especially for live oil. Oil viscosity may affect the emulsions stability by two mechanisms that counter each other. On one hand, viscosity may reduce the emulsion stability due to hindrance or deceleration of the movement of emulsified materials from crude oil into the water interface. As a result, the interfacial tension between water and oil became lower and water droplets came closer to each other to form coalescence. Higher viscosity, however, may decelerate the movement of water droplets, which will result in higher stability of the emulsion (the emulsion becomes less likely to separate). The crude characterization results shown in Table 1 indicate that the crude oil falls within the range of heavy crude oils. In general, viscous heavy crude oil tends to create more stable emulsion due to the presence of active polar molecules.
Stability of Water in Oil Emulsion Using Bottle Test
Water in oil emulsion was formed using 20: 80 water to oil ratio. Sample of brine water with 30000 ppm was used for the preparation of emulsion. At the test run of every bottle, the water separation in percent was obtained from the volume of water observed in the measuring cylinder. Equation 2 was used to calculate the separation efficiency in percentage.
(2)
Where Ws is the percentage of water separated, Vms is the volume of water separated, and Vo is the original water volume. The results showed that water started to separate after 1020 min (17 hours) and the maximum percentage of water separated was 9% after 1440 minutes (24 hours). This indicates that the emulsion was very stable. The blain emulsion test was conducted to set as the base case for comparison with the performance of demulsifier for the same emulsion. 
Analysis on the Water in Oil Emulsion Stability Using Turbiscan MA 2000
The transmission profile as function of the tube length for 20: 80 (water: oil) stabilized emulsion was analyzed for emulsion stability. Fig. (6) indicates that the transmission increased at the bottom of the bottle due to the increase of the concentration of the dispersed phase (water). Cerimedo [15] stated that the transmission is directly dependent on the mean diameter of the droplets and oil volumetric fraction. The back scattering profiles at all times showed a peak at the bottom of the tube between 0 -20 mm zone when displayed in the reference mode.
The peak is associated with the destabilization phenomenon called creaming and there was also a noticeable decrease in the transmission along the whole length of the tube which is the indication of flocculation or coalescence. This result is an evidence that the emulsion of 20% water cut with 80% of oil cut is fairly stable. Based on the transmission data from Turbiscan result, the small amount of sedimentation was formed. 
Effect of Mixing Rate Towards the Stability of Water in Oil Emulsion
The relationship between the stability of water in oil emulsion due to the mixing rate was further analysed at mixing rate values of 300 rpm, 400 rpm, 500 rpm, and 600 rpm. The emulsion stability was calculated using Equation 3.
(3)
The result shown in Fig. (7) represents the influence of shear rate on emulsion stability at crude oil volume fraction values of 60%, 70%, and 80%. It is shown in the plot that increasing the mixing shear rate resulted in the increase of stability of the emulsion, which is in agreement with the previous researchers' work. For instance, Ashrafizadeh and Kamran [16] pointed out that the emulsion stability significantly increased by increasing the mixing speed. The researchers have been conducting experiments on two types of oils, one is West Paydar and the other is diesel-bitumen, both are blended in water to form emulsions. The considered values of speed are 1000, 3000, 6000, 10,000 and 15,000 rpm. The experiments have been conducted at temperature of 25°C, with pH of 7, mixing duration of 20 min, surfactant concentration of 2 wt.%, and oil content of 60 vol.%. Based on their experimental results, the authors explicitly declared that the increase in the mixing speed "has a slight increasing effect on the viscosity of the emulsions while also increases the stability of the emulsions up to a desirable level". Fig. (8) shows the variation in water separation and emulsion stability of the two emulsion types with mixing speed as extracted from their original results. The emulsion stability in this figure was calculated using equation 3, assuming original volume of water to be 100 ml. It can be noted that that although the trend of variation always shows an increase in emulsion stability with mixing speed, but quantitative comparison of the two works could not be attained because the emulsion properties, operating conditions, and the range of mixing speeds used for the two works were observed to be significantly different.
This finding is a logical outcome due to the exertion of the shear force by the homogenizer blade which shears off the droplets into further smaller particles, and hence the active polar molecules such as asphaltanes and resin will possess a higher tendency and greater surface to bind with the water molecules, inhibiting the coalescence of the dispersed phase.
) × 100 Fig. (7) . Relationship of mixing speed on the stability of water in oil emulsion.
Fig. (8).
Effect of mixing speed on the stability of emulsions formulated from two types of oils as suggested by Ashrafizadeh and Kamran [16] .
From the plot it can be observed that the crude oil content of 60% at 300 rpm exhibited a very poor stability as the shearing force did not reduce the droplet size. As the crude oil content was 60%, the synthesized brine content increased up to 40% and with the increase in brine content, there was a decrease in emulsion stability. 600 rpm was considered as the shearing rate resulting in the maximum emulsion stability. It was, nevertheless, noted that the minimum mixing time of 15 minutes was required to homogenize emulsion. After this minimum mixing time, emulsion started to turn creamy 
Mixing Speed vs Stability of Water in Oil Emulsion
Water Separated, % Water Separated and viscous as it turns out to be inseparable in nature even for 5 days. This result indicates that there will be a phase shift if the mixture is mixed at higher speed for long time.
Efficiency of Demulsifier Concentration (Bottle Test)
To investigate the efficiency of the PVP demulsifier, Castila Crude was mixed with synthesized brine water with concentration of 30000 ppm Sodium Chloride as discussed in the methodology section. All the experiments have been carried out at temperature of 60°C using 20% water cut. The demulsifier has been tested separately with 8 different concentrations and the efficiency of the separation of water was compared. Kinetics of water separation was determined from Bottle Test analysis using demulsifier concentrations ranging from 10 to 80 ppm as shown in Fig. (9) . Fig. (9) . Bottle Test Analysis.
A large screening was performed with bottle test on the different concentrations of the demulsifier previously mentioned. The purpose of the large screening was mainly to find the optimum concentration for the demulsifier; some part of the result is included in Table 2 . The complete results obtained from the optimum concentration for the demulsifier are illustrated graphically as shown in Fig. (10) . The curve indicates that the optimum dose of the demulsifier was 60 ppm which enabled the separation of more than 80% of the water after 15 minutes of application and enabled total separation of the two phases after 25 minutes. The curve also indicates that all other doses couldn't provide total separation of the two phases regardless of the time. For example, 10 ppm could only separate less than 40% of the water after 45 minutes and then no more water is separated. (11) depicts the performance of the demulsifier at different concentrations. Comparing the water separated at concentration ranging from 60 ppm to 80 ppm, it can be observed that water separation decreased from 87% at 65 ppm to 74% at 70 ppm and became 53% at 80 ppm with all values less than the water separated at 60 ppm. This is because excessive demulsifier addition can negatively affect the efficiency of emulsion breakdown. As stated by Becher [9] , excessive formation of demulsifier at the droplet surface can create a highly viscoelastic film which will cause more stabilization of the dispersed phase and isolation of the demulsifying molecules. Becher also pointed out that this affect can be observed at higher shear viscosity and higher demulsifier concentration. The details of chemical demulsifier's behaviour at oil water interface and their role in destabilizing emulsion can be determined from their effect on interfacial films via film-balanced experiment. Jones, Neustadter, & Whittingham [11] , stated that the separation of water from water in oil emulsion can be sensitive to the concentration of demulsifier. The results indicate that 10 ppm of demulsifier was able to separate 50% of the water from the emulsion. But it took 40 minutes to reach the maximum level of separation. At demulsified concentration of 60 ppm, no further water separation was observed after 24 minutes in the entire sample tested. It was found that 60 ppm allowed a very fast separation of the water and reached at peak after 23 minutes. Concentration of 60 ppm is, therefore, considered as the optimum demulsifier concentration.
Comparison with Previous Work
There are limited works in the literature concerning the application of Polyvinylpyrrolidone (PVP) as demulsifier. Again, because of the inconsistency of the testing conditions and fluid properties, it is difficult to obtain a quantitative comparison between the current work and the previous works. Therefore, the objective of this section is just to show a comparison based on trends variation rather comparison between the values. The earliest evidence of the application that we came across in the literature is the work conducted by H. Mat and his co-workers [13] who investigated PVP in combination with other 12 oil-soluble demulsifiers. Fig. (12) shows how the volume of separated oil changed with time due to the effect of PVP as extracted from their experimental results. Comparing this trend with our result in Fig. (10) , it can be easily noticed that the two results fairly agree in the trend of variation, which indicate an acceptable validation of the current work (considering that the PVP concentration and time duration used in the two works are different). It is worthless to mention that in our result, Y-axis represents the separated water whereas in Fig. (12) , it represents the separated oil.
Another finding of exhibition of PVP as demulsifier was reported by Razi and others as a result of experimental investigation of many oil soluble chemicals including PVP [14] . They presented a curve showing the relationship between water separation and time for different demulsifiers including PVP. With PVP, only 10% of water was separated after 10 hours which remained constant until 25 hours from the beginning of the test. They also pointed out that PVP resulted in insignificant reduction in interfacial tension. Fig. (12) . Oil separation during 168 hours by using oil-soluble demulsifiers. Experimental conditions: T, 70°C; Demulsifier concentration, 10 ppm, reproduced from H. Mat and his co-workers [13] .
To conclude the comparison with the previous work, for different types of oil and different test conditions, PVP may perform with different degrees of demulsification efficiency. But the general trend is acceleration of emulsion separation with time until a specific time duration, after which the amount of separation becomes constant.
CONCLUSION
The demulsification performance of Polyvinylpyrrolidone (PVP) on water-in-oil emulsion has been examined experimentally using bottle test experiments. The experiments were conducted at temperature of 60°C on emulsion samples formed by mixing a crude oil with 20% synthesized brine water. Before investigating the effect of PVP, the stability of the formed emulsion was confirmed by using Turbiscan MA 2000. The following points can be pointed out as conclusion of this work:
1-The blain emulsion formulated from Castila crude oil mixed with brine is very stable at ambient conditions and its stability increases with the increase of shearing (mixing speed). 2-The addition of PVP to the blain emulsion results in imposing significant demulsification effect which will accelerate the emulsion separation (decrease the stability. 3-The performance of PVP can be improved by increasing its concentration. However, there is an optimum concentration value, above which, excessive addition will result in reverse effect. 4-The optimum dose of the PVP demulsifier is 60 ppm which enables the separation of more than 80% of the water after 15 minutes of application and enables total separation of the two phases after 25 minutes. 5-All the investigated doses other than 60 ppm couldn't provide total separation of the two phases regardless of the time.
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